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The measured zero-degree c r o s s  s e c t i o n  f o r  t h e  
7 ~ i ( p , n )  r e a c t i o n  t o  t h e  ground and f i r s t  e x c i t e d  
s t a t e s  of 7 ~ e  is  t h e  b e s t  c a l i b r a t e d  source  of neut rons  
f o r  ene rg i e s  from 20 t o  200 MeV. Th i s  c r o s s  s e c t i o n  
has  been used t o  measure t h e  d e t e c t i o n  e f f i c i e n c y  of 
two NE213 d e t e c t o r s ,  one t o  be used i n  t h e  COMPTEL 
Gamma Ray Observa tory ,  t h e  o t h e r  an  IUCF monitor.  
The o rgan i c  s c i n t i l l a n t  NE213 is wide ly  used i n  
neu t ron  d e t e c t i o n  because i t  a l lows  use  of pulse-shape 
d i s c r i m i n a t i o n  t o  d i s t i n g u i s h  p u l s e s  due t o  i n c i d e n t  
neu t rons  from those  due t o  gamma r a y s ,  t h a t  i s ,  between 
Compton e l e c t r o n s  and r e c o i l  p ro tons .  Two exper iments  
( r e f s .  1 and 2)  underway a t  t h e  Ind i ana  Un ive r s i t y  
Cyclo t ron  F a c i l i t y  (IUCF) u s e  t h i s  s c i n t i l l a t o r  a t  
e n e r g i e s  between 20 and 200 MeV. Although Monte Ca r lo  
c a l c u l a t i o n s 3  of d e t e c t i o n  e f f i c i e n c y  a r e  g e n e r a l l y  
r e l i a b l e 4  t o  about  10% over  t h i s  energy range ,  a  r e c e n t  
measurement5 of t h e  e f f i c i e n c y  of an  NE213 d e t e c t o r  
s t r o n g l y  sugges t s  t h a t  t h e  c a l c u l a t e d  va lue s  may be 
s e r i o u s l y  i n  e r r o r ,  p a r t i c u l a r l y  f o r  h igh  pulse-he ight  
t h r e s h o l d s .  We have t h e r e f o r e  used t h e  well-known 
7 ~ i ( p , n ) 7 ~ e  c r o s s  s e c t i o n  t o  make a  rough measurement 
of t h e  e f f i c i e n c y  of an  NE213 s c i n t i l l a t o r  over t he  
energy from 20 t o  200 MeV. 
Pro ton  beams a t  nominal e n e r g i e s  of 20, 40, 80, 
135 and 200 MeV were d i r e c t e d  on to  7 ~ i  t a r g e t s  u s ing  
t h e  IUCF beam swinger a t  an  e x i t  ang l e  of z e ro  degrees .  
D e t a i l e d  l i s t i n g s  of ene rg i e s  and t a r g e t  t h i c k n e s s e s  
a r e  g iven  i n  Table I. A t  20,  40 and 80 MeV t h e  
s t r i p p e r  loop was used t o  avoid  wrap-around of neut rons  
from d i f f e r e n t  beam b u r s t s .  
The IUCF neut ron  monitor was a  12.7 cm d i ame te r  by 
12.7 cm deep c y l i n d r i c a l  NE213 s c i n t i l l a t o r  w i th  an  RCA 
8575 p h o t o m u l t i p l i e r  tube  and an  IUCF high  coun t - r a t e  
base .  The a x i s  of t h e  s c i n t i l l a t o r  was pe rpend i cu l a r  
t o  t h e  i n c i d e n t  f l u x ,  and t h e  f l i g h t  pa th  was 48 m. 
The pulse-he ight  c a l i b r a t i o n  used t h e  convers ion  
between e l e c t r o n  energy and pro ton  energy  ob t a ined  by 
C e c i l ,  Anderson and ~ a d e ~ ;  l t h e  channels  co r r e spond ing  
t o  t h e  Compton peaks f o r  gamma r ays  from 2 2 ~ a  nd 2 2 8 ~ h  
sou rce s  were l o c a t e d  u s ing  t h e  t e chn ique  of D ie t z  and 
~ l e i n .  These pulse-he ight  c a l i b r a t i o n s  a r e  r equ i r ed  
i n  o rde r  t o  c a l c u l a t e  t h e  e f f i c i e n c y  u s ing  t h e  program 
desc r i bed  i n  r e f .  3. 
Neutron time-of-f l i g h t  (TOF) and anode 
pulse-he ight  i n fo rma t ion  were s t o r e d  a s  two-parameter 
d i s p l a y s .  Dead t imes  were t y p i c a l l y  l e s s  t han  10% and 
have been t aken  i n t o  account i n  t h e  f i n a l  da t a .  At 80 ,  
135 and 200 MeV t h e  two-dimensional s p e c t r a  were 
c o r r e c t e d  f o r  t ime walk; a l l  s p e c t r a  were t h e n  
i n t e g r a t e d  over  p u l s e  h e i g h t  u s i n g  s e v e r a l  d i f f e r e n t  
t h r e s h o l d s  and c o r r e c t e d  f o r  t h e  energy  dependence of 
t h e  i n t e g r a l  e f f i c i e n c y  by u s ing  t h e  c a l c u l a t e d  va lue s .  
The c o r r e c t e d  y i e l d s  were roughly t h e  same f o r  s e v e r a l  
d i f f e r e n t  t h r e s h o l d s ;  t h e  s t a t i s t i c a l  e r r o r s  were 
i n c r e a s e d  t o  account f o r  any s i z e a b l e  d i f f e r e n c e s .  At 
40 and 20 MeV t h e  t a r g e t  t h i c k n e s s e s  were l a r g e  enough 
t o  comple te ly  dominate t h e  r e s o l u t i o n  c o n t r i b u t i o n  due 
t o  t h e  t ime s t r u c t u r e  of t h e  i n c i d e n t  beam. 
The r e s u l t s  a r e  summarized i n  Table  I. The c r o s s  
TABLE I 
Summary of Resu l t s  
Beam and Target  Parameters 
Nominal Ep 2  0  40 8  0  
Mean Ep 20.1 37.3 78.6 
Energy Loss 2.8 3.3 1 .O 
Target  t h i cknes s  137 293 203 
o(OO) ( l a b )  14 33 36 
135 200 MeV 
133.7 199.7 MeV 
1 .O 0.7 MeV 
20 3  203 mg / cm2 
3  8  38 mb/sr 
IUCF Monitor 
E f f .  (observed)  0.11 0.035 0.033 0.036 0.039 
Threshold 4.3 13 26 2  7  27 MeVee 
Eff .  ( c a l c )  0.133 0.050 0.041 0.043 0.042 
Ef f .  Ra t io  ( o / c )  0.82(11) 0.70(18) 0.80(11) 0.84(13) 0.93(21) 
COMPTEL Detec tors  
Ef f  . (observed)  0.28 0.055 0.067 0.067 0.059 
Eff .  ( c a l c )  0.245 0.183 0.108 0.083 0.081 
Eff .  Ra t io  ( o / c )  0.88 0.30 0.62 0.81 0.73 
s e c t i o n s  f o r  t he  c a l c u l a t i o n s  were obta ined  from r e f s .  
4, 7  and 8. For t h e  IUCF d e t e c t o r ,  t he  measured 
e f f i c i e n c i e s  appear t o  be about 20% lower than  t h e  
c a l c u l a t e d  va lues ;  t h e  average  r a t i o  is  0.82 + 0.11. 
For t h e  COMPTEL d e t e c t o r ,  t he  c a l c u l a t i o n s  assume 
normal inc idence  on a  d e t e c t o r  14 cm i n  r a d i u s  and 8.5 
cm i n  depth wi th  a  t h r e sho ld  a t  625 keVee. With t he  
except ion  of t h e  measurements a t  40 MeV, t h e  agreement 
between t h e  e f f i c i e n c i e s  observed wi th  t h e  COMPTEL and 
IUCF d e t e c t o r s  is w i t h i n  u n c e r t a i n t i e s  and sugges t s  
t h a t  c a l c u l a t e d  e f f i c i e n c i e s  f o r  NE213 s c i n t i l l a n t  may 
be about 20% too  h igh  over t h e  20-200 MeV energy range. 
A s i m i l a r  conclus ion  was reached i n  ano the r  r ecen t  
measurement of d e t e c t i o n  e f f i c i e n c y  f o r  a n  NE213 
s c i n t i l l a t o r  .5 
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